GLUCOCORTICOIDS have been shown to cause lethal effects in sensitive lymphoid cells, notably certain mouse lymphomas and rodent thymocytes (Dougherty, 1952; Burton, Storr and Dunn, 1967;  Harris, 1]970). Furthermore, they are used in combination with other drugs in the treatment of human lymphoid leukaemias and lymphomas (De Vita, 1973;  Simone, 1974) . It has been suggested that amongst the earliest effects of glucocorticoids is the inhibition of uptake of precursors of nucleic acids, proteins and carbohydrates (Makman, Dvorkin and White, 1968, 197 1; Munck, 1968; Rosen et al., 1972) and that this inhibition is mediated through alterations in gene activity (Mosher, Young and Munck, 1971; Young et al., 1974;  Stevens and Stevens, 1975) .
We have previously reported the lethal action of methylprednisolone on human lymphoblastoid cells using morphological criteria (Bird et al., 1975) . We demonstrated the inhibition of incorporation of uridine into cells at lethal coheentrations (Waddell, Bird and Currie, 1976) and this paper records in greater detail the effects of methylprednisolone on the nucleoside metabolism of one cell line.
MATERIALS AND METHODS
Materials.-Uridine and thymidine (Sigma) [5-3H] uridine (3HU; 19-27 Ci/mmol) and [6-3H] thymidine (3HT; 20-30 Ci/mmol) (Radiochemical Centre, Amersham) and methylprednisolone sodium succinate (MPS; Solumedrone, Upjohn) were added as aqueous solutions, as described in each experiment. Weights of steroid are expressed throughout as equivalent amounts of prednisolone Cells.-The human lymphoblastoid cell line, BLA1 was derived from a patient with acute lymphoblastic leukaemia. Details of its isolation and establishment in culture have already been published (Bird et al., 1975) .
Cell culture.-Cells were grown as a suspension in roller culture at 37°C in Eagle's minimum essential medium (MEM; Gibco Bio-cult), buffered with sodium bicarbonate (20 mM) and supplemented with 20% foetal calf serum (FCS; Gibco Bio-cult) which had been inactivated by heating to 56°C for 1 h, which destroys any steroid-binding globulins which may be present. The cells were maintained at a concentration of 0 3-1 0 x 106/ml by feeding every 2-3 days. To minimize changes in pH during the experiments, the cells were suspended in MEM+20% FCS buffered with bicarbonate (10 mM) and Hepes [2-(N-2-hydroxeythlpiperazin-N'-yl) ethane-sulphonic acid 20 mM] pH 7 2, 18 h before the start of each experiment.
Assay for the uptake and incorporation of nucleosides.-The conditions for each group of experiments are given in the results. At the end of each incubation, duplicate 2-ml samples in 10-ml conical tubes were placed in ice, and 8 ml of ice-cold phosphatebuffered saline (PBS; 25 mm KH2PO4, 100 mM NaCl, pH 7 4) added to each tube. The cells were immediately sedimented by centrifugation at 800 g at 4°C for 3 min. The pellet was washed in 10 ml ice-cold PBS and, after centrifugation, resuspended in 1 ml 500 trichloroacetic acid (TCA) at 4°C. Cold acidsoluble material w"as separated from the acidinsoluble material by centrifugation at 2000 g for 10 min. 0 5 ml of the supernatant was mixed with 10 ml toluene: triton X-100 scintillant (Rohm and Haas; 2/1, v/v) containing 5 g/l butyl PBD (Intertechnique). The remainder of the supernatant was carefully removed, and the insides of the tubes were dried with cotton-wool swabs. The pellet of acid-insoluble material was dissolved in 1 ml of 1 mm NaOH; 0-5 ml was counted in the toluene: triton scintillant containing 1 drop 70% acetic acid. The radioactivity of each sample was measured using a Beckman LS-250 liquid scintillation spectrometer, and efficiency corrections to take account of quenching were performed by the external standard ratio method using a 137CS source.
Cell counts.-The number of cells was counted with a haemocytometer, and their viability assessed by the ability to exclude 0.25o, nigrosine.
RESULTS
Fffects of MPS on nucleoside uptake BLA1 cells were pulsed with 3H-labelled uridine or thymidine for 20 min after 1 h exposure to MPS, and the amount of 3HU or 3HT in the acid-soluble and acid-insoluble pools was measured. The results (Table I) show that entry into soluble and insoluble pools is equally inhibited, suggesting that MPS affects primarily the uptake of uridine and thymidine into cells, and not subsequent polymerization. MPS at 50 and 500 jug/ml inhibits only the facilitated diffusion uptake of uridine into BLA1 cells (Waddell et al., 1976) . Thymidine also enters cells by a twocomponent system, but the facilitated diffusion uptake component is much smaller than for uridine (Fig. 2) (Table II) .
Kinetics of inhibition
We have already shown that the inhibition of uridine uptake by MPS in BLA1 cells is instantaneous (Waddell et al., 1976) . When we examine the rate of inhibition of uptake of thymidine, we discover that this is also virtually instantaneous (Table III) . The slight increase in the extent of inhibition with time indicates that there may be a second component (such as inhibition of DNA synthesis) which is Inot inhibited instantaneously.
DISCUSSION
The earliest reported effects of glucocorticoids on sensitive cells are reductions in the uptake of precursors, notably glucose, amino acids and nucleosides (Makman et al., 1968 (Makman et al., , 1971 Munck, 1968; Rosen et al., 1972) . We have previously reported that there is a marked inhibition of incorporation of uridine into acidinsoluble material in human lymphoblastoid cells treated with lethal concentrations of MPS (Bird et at., 1975) .
We have now shown that the incorporation of uridine and thymidine into acidinsoluble material is inhibited as a consequence of reduced uptake of these pre- Stevens and Stevens, 1975; Borthwick and Bell, 1975) ; and, in the majority of cases, resistance to cytolysis in glucocorticoid-insensitive mouse lymphomas has been attributed to defects in the cytoplasmic receptor system (Sibley and Tomkins, 1974) .
There is, however, evidence for the cell surface as a target for glucocorticoids (Dell'Orco and Melnykovych, 1970; Fiskin and Melnykovych, 1971; Plagemann and Renner, 1972) . Since the effects we observe occur at MPS concentrations 10,000 x those which saturate cytoplasmic receptors (Bird et al., 1975) and these effects appear to be independent of receptor concentrations, we consider that the inhibition of nucleoside transport demonstrated here is not receptormediated. Furthermore, the rapidity of the inhibition argues against gene mediation, as this would require a latent period of several minutes for the alterations in transcription and translation required for the expression of the effects. From our experiments, it would appear that MPS inhibits the facilitated diffusion uptake of uridine and thymidine-probably competitively at the cell surface. Plagemann and Renner (1972) described competitive inhibition of glucose uptake in rat hepatoma cells at concentrations of prednisolone similar to those used by us. Their findings and ours bear many similarities.
It remains to be shown whether the effect of MPS on uridine and thymidine uptake reflects some general inhibition of membrane diffusion processes, and whether this is in any way related to the cytolethal effect.
